Appl. No,: 09/927.429 
Amdt- Dated: 05/20/2004 
Off. Act. Dated: 04/14/2004 



Amendments to the Claims! 

This listing of claims will replace all prior versions, and listings, of claims in the 
application: 

Listing of Claims: 

Claims 1-27 (canceled) 

J 

^ ^28: (currently amended); A particle-track-gufded etching method for 
nanomachining a precise structure with a high aspect ratio, comprising: 

irradiating the surface of a wafer with a charged particle beam of suitable energy 
to form particle tracks capable of discrete etching guided by said particle tracks In said 
wafer with a desired depth and alignment; 

depositing a layer of pattern fomrbjng resist material on the wafer surface 
irradiated by sard particle beam; 

generating a precise pattern on the pattern fomning layer; 

etching the areas of said wafer that are not covered by the precise pattern: 

wherein said etching is guided by said particle tracks; 

wherein sard charged particle beam Is directed to said surface of said wa^r witf^ 
a Predetennined colllmatfon at a desired direction: and 

wherein the level of said suitable enerov exc eeds 0.5 MeV . 

29, (canceled) 

\ 

2. J30r^(Original): A method as recited in claim wherein said etched wafer 
comprises a final nanomachined structure. 
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(original): A method as recited In claim wherein said etched wafer 
comprises a negative of a final nanomachlnsd structiire. 

■J (original): A method as recited in claim Sl", wherein said final nanomachined 
structure Is fomied by electroforming using said negative 

J 

, (original): A method as recited in claim ^, wherein said electroforming 
comprises electroplating. 

f V ^ 

^5(4, (original): A method as recited in claim wherein said wafer comprises a 
semiconductor material. 

-1 \ 

! (original): A method as recited in claim J^, Wherein said wafer comprises an 
insulator material. 

.36. (original): A method as recited in daim wherein said charged particle 
beam is produced by removing some or all electrons from neutral atoms by an 
accelerator or consists of alpha partlcles emitted from a radioactive source. 

Q V > 

/ (Original): A method as recited in clalm^, wherein said irradiating of said 
wafer comprises placing said wafer in said particle beam in a desired direction with 
respect to the wafer surface. 

/ \V 

/ ^ (original): A method as redted In daim^. wherein said desired direction is 
perpendicular to the wafer surface. 

1 / (original): A method as redtad in claim ^, wherein said desired direction 
has an angle ofless than ninety degrees with respect to the plane of the wafer surface. 
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f ^0^ong\f}B\): A method as recited In clalm^, wherein said particle tracks are 
substantially parallel to each other 

^ ' (original): A metliod as recited in daim wherein said partlde tracks ar« 
oriented to Intercept at a substantially small point if extended. 



^ - 4^. (original): A method as recited In daim wherein said step of depositing a 
layer of resist material over said irradiated surface of said wafer comprises deposition 
of a single or multilevel resist layers using spinning or vacuum coafc'ng. 

48: (ongfnal): A method as recited in claim wherein said layer of resist 
material is suitable for producing said etching pattern and is stable during said etching 
step. 

. ■ \^ ' 

j^: (original): A method as recited in daim wherein said step of selectively 

removing portions of said layer of resist material to generate an etching pattern on 

in^diated surface of said wafer comprises writing a pattem on said layer of resist 

material using an electron beam writing machine and subsequent processing to 

produce the desired pattern. 

^ (origfnal): A method as recited In claim wherein said layer of resist 

material comprises a single layer of organic resist material. 

Ji^'^tonS'"^')' A method as redted In daim ^8, wherein said layer of resist 
material comprises electron beam resist. 

(y\ I 
' ■ 4^^(origlnal): A method as recited in daim wherein said layer of resist 
material comprises a multilevel resist stnjcture established for Improving the aspect 
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ratio of election beam lithography. 



1 ^ 



jJ^r (original): A method as recited In daim '^1. wherein said subsequent 
processing comprises dissolution of selective portions of said layer of resist material 
using a solvent. 

< ^ j^:M:orlginaP): A method as recited in daim 

wherein said layer of resist material comprises sublayers of dissimilar materials; 

and 

wherein said subsequent processing comprises dissolution of selective portions 
of said layer of resist material using a solvent and plasma based etching. 

^ ( Pfe i /i o usly pujsti ii ttfU -): A method as redted in daim^: 
wherein said etching of said wafer comprises Immersing said wafer in an etching 
solution; 

wherein said etching pattern is partially or completely transferred to the wafer; 
wherein said at ohlno forms an etched portion of said wafer ; 
wherein said etched portion of said wafer has an aspect ratio substantially 
greater than one; and 

wherein said aspect ratio comprises the ratio of the depth of the etched partide 
track to the width of the smallest etched portion of said etching pattern. 

/fi . 
2, '^W^' (original): A method as recited In daim^. wherein said etched wafer 
comprises a final nanomachlned stmdure. 

■/ '^^ '^^ 

l.U (original): A method as recited in claim wherein said etched wafer 
comprises a negative of a final nanomachlned stnjcture. 
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fj > (original): A method as recited in claim wherein said final nanomachined 
structure is formed by electroforming using said negative. 



(original): A method as recited in claim wherein said electrofonning 
comprises electroplating. 



^ ^^^(currently amended): A partrcle-track-guided-etchrng method for 
nanomachining a precise structure with a high aspect ratio, comprising: 

irradiating a wafer with a charged particle beam of suitable energy and 
predetermined collimatfon at a desired direction with respect to said wafer surface to 
fomn particle tracks capable of discrete etching guided by said parllde tracks in said 
wafer with a desired depth and alignment: 

depositing a layer of pattern forming resist material on the wafer surface 
Irradiated by the particle beam; 

generating a precise pattern on the pattern forming layen and 

etching the areas of wafer tlial are not covered by the precise pattern; 

wherein sakl etching is guided by said particle tracks; 

wherein said irrat^|^tlna of aai^ wafer comnri ses placino said wafer in said 
particle beam in a des ired direction with respect to the wafer surface: and 

wherein the lavel o f saM suitable enereiv exceeds 0.5 MeV . 



^6 



1^ 
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(original): A method as recited in claim wherein said final nanomachlned 
structure is fom^ed by electroformlng using said negative. 

5§r (original); A method as recited in claim ^8, wherein said electrofomning 
comprises electroplating. 

'}j 0r (original): A method as recited in claim wherein said wafer comprises a 
semioonductor material. 

't .. 

IJ^. (original): A method a$ reoaed in claim wherein $aid wafer comprises an 
insulator material* 

M ^2r(original): A method as recited in claim!;BB, wherein said charged particle 
beam is produced by removing some or all electrons from neutral atoms by an 
accelerator or consists of alpha particles emitted from a radioactive source. 

63. (canceled) 

(currently amended): A method as recited In claim §3 wherein said 
desired direction is perpendicular to the wafer surface. 

> " ^ (currently amended): A method as recited in claim §3 wherein sard 
desired direction has an angle of less than ninety degrees with respect to the plane of 
the wafer surface. 

-si 7^ 

(original): A method as recited in claim wherein said particle tracl« are 
substantially parallel to each other. 



''2 
'J 
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7; ^-p^ (original): A method as recfted In claim 5^, wherein said partlde tracks are 
oriented to intercept at a substantially small point if extended. 

(original): A method as recited In claim^, wherein said step of depositing a 
layer of resist material over said irradiated surface of said wafer comprises deposition 
of a single or multilevel resist layers using sprnning or vacuum coating. 

-pdr (original): A method a$ recited In claim wherein said layer of resist 
material is suitable for producing said etching pattern and is stable during said etching 
step. 

' (original): ^ethod as recited in daim wherein said step of selectively 
removing portions of said layer of resist material to generate an etching pattern on 
Irradiated surface of said wafer comprises writing a pattern on said layer of resist 
material using an electrejn beam writing machine and subsequent processing to 
produce the desired pattern. 

/ i^'. (original): A method as recited In daim SS, wherein said layer of resist 
material comprises a single layer of organic resist material. 

I (original): A method as recited in claim wherein said layer of resist 

material comprises electron beam resist. 

7 . . 

/ '^^/^^(origlnal): A method as recHed in claim wherein said layer of resist 
material comprises a multilevel resist structure established for improving the aspect 
ratio of electron beam lithography. 
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f 2-^5^(original): A method as recited In daim 70, wherein said subsequent 
processing comprises dissplution of selective portfons of said layer of resist material 
using a solvent. 

^ ^ yJ^(original): A method as rectted in daim 70: 

wherein said layer of resist material comprises sublayers of dissimilar materiaJs; 

and 

wherein said subsequent processing comprises dissolution of selectrve portions 
of said layer of resist material using a solvent and plasma based etching. 

IY^J^ (currently amended): A method as recited in claim 65: 

wherein safd etching of said wafer comprises Immersing said wafer in an etching 
solution; 

wherein said etching pattem is partially or completely transferred to the wafer; 

wherein said etching forms an etched portion of said wafer: 

wherein said etched portion of said wafer has an aspect ratio substantially 
greater than one; and 

wherein said aspect ratio comprises the ratio of the depth of the etched partide 
track to the width of the smallest etched portion of said etching pattem. 

^ ^^-TTCoriginal): A method as recited in daim 78, wherein said etched wafer 
comprises a final nanomachined structure. 

4 ^7ffr (original): A method as recited in claim 76, vuherein said etched wafer 
comprises a negative of a final nanomachined stnjcture. 



^ - ^7^9r(original); A method as recited in daim 78, vWierein said final nanomachined 
stnjcture is fonned by electrofomning using said negative. 
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^ ^Of1[origfiial): A method as recited in claim 79, wherein said electrotomiing 
comprises electroplating. 

S ✓*tT (currently amended): A method qc rocitod In c l a i m 1^ for nanomachlnlnQ 
a preqse structure bv partide-track*quided-etchinQ comprislncu 

irradiating the surface of a wafer with a charged particle beam of suitable energy 
to fonm particle tracks capable of discrete etchin g guided bv said particle tracks in said 
wafer: 

depositing a layer of resist material over said Inadlated surface of said wafer 
selectively removing portions of safd layer of resist material to generate an 

etching pattem on irradiated surface of said wafer and 

etching said wafer according to said etching pattern: 

wherein said etching is guided bv said particle tracks: and 

wherein said level of said suitable energy for creating particle tracks ts at least 

approximately 0.5 MeV. 



> ^ (currently amended): A method as recfted In claim [[1D 81. wherein said 

particle tracks are generated substantially parallel to each other. 

^ i\ S»f (currently amended): A method as recited In daim [[IJ] 81, wherein said 
particle tracks are oriented to intercept at a substantially small point if extended. 



wafer substantially comprises a material selected from the group consisting essentially 
of quartz crystal, silica glass and mica. 



<^ (cun-ently amended): A method as recited in claim [[1]] 81» further 

comprising applying an etch stop material to the surface of said wafer opposite the 





A method as recited in daim [[1]] 81, wherein saki 
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surface deposited with said layer of resist material. 

S (currently amended): A method qc rocltod i n claim ^ ^for nanomachtnlng 

a precise structure bv p article-track-^iujded'etchinQ comprisina: 

IrradiatinQ the s urface of a wafer with a charged partlde beam of suitable energy 
to fomn particle tracks capable of dis crete etching guided bv said particle tracics in said 
wafer 

depositing a layer of resist materia) over said irradiated surface of said wafer: 

seledivelv removino portions o f said laver of resist material to aenerata an 
etching pattern on irradiated s^pfaca of said w^fer: anri 

etching said waf er according to said etching pattern; 

wherein said etc hing Is guided bv said particle tracks: 

wherein sakj precise structure being nanomachined comprises a zone plate 
stnjcture for x-ray applicaflons beyond one thousand electron volts; 

wherein said etching pattern is a zone plate pattern having a widtti of at feast 
about five nanometers: 

wherein the aspect ratk) of the depth of the etched particle track compared to the 
width of the smallest zone plate pattern Is at least about ten; and 

wherein said zone plate structure has a diameter of at least about one millimeter. 

(currently amended): A method a s r e cit e d In cla i m 1: for nanomachinina 
a precise stmcture bv oart ide-track-^uided-etchino comprising: 

in^diatinq the surface of a wate r wHh a charged particle beam of suitable enBrgy 
to form particle tracks ca pable of discrete etching ouided bv said particle tracks In s^ if; ! 
waferj 

depositing a layer of resist mate rial over said inadiated surface of said waf^ f ; 
selectively removing portions of s aid laver of resist material to generate an 
etching pattern on In-adl ated surface of said wafer anri 
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etching said wafer acQordfna to said etching pattern: 

wherein said etc hino is guided bv sard particle tracks: 

wherein said precise sloictur© being nanomachlned comprises a mica wafer up 
to approximately five microns thick; and 

wherein said changed particle beam is a beam of charged argon Ions with a 
potential of at least about one hundred million electron volts per nucloon. 



(currently amended): A method for nanomachinfng a precise structure with 



a high aspect ratio by particle-track-gulded-etching, comprising: 

irradiating a first surface of a wafer with a changed particle beam of suitable 

energy to form particle tracks capable of discrete etching guided by said particle tracks 

in said wafer with a desired depth and alignment; 

depositing a layer of pattern forming resist material on said first surface of said 

wafer innadiated by said particle beam; 

generating a precise pattern on said pattern forming layer; and 

etching guided by said particle tracks under areas of said wafer that are not 

covered by said precise pattern; 

wherein the aspect ratio of the depth of the particle track etched, compared to 

the width of smallest area not covered by said etching pattern, is at least about ten : and 
wherein said as pect ratio is on the order of one thousand . 



i^^^'T (cun^entfy amended): A method as recited In claim 88, wherein said pattern 
fbnming resist material is an e-beam resist material - conflgurod to bo otructurol l y ctab l o 



pattern forming resist material comprises a multilevel resist structure establistied for 
Improving the aspect ratio of the depth of the particle track etched, compared to the 






(previously presented): A- method as recited In dalm 88. wherein said 
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width of smallest area not coverecf by said pattern forming resist material. 

'^^^L (previously presented); A method as recited in claim 88, wherein an etch 
stop material is applied to a second surface of said wafer. 

^ ^92r^ (previously presented): A method as recited in claim 88. wherein said 
pattern fomning resist material is suitable for removing portions as small as five 
nanometers In width. 



(previously presented): A method as recited in claim 88, wherein said 
particle tracks are oriented to substantially Intercept within the wafer. 

(q ^ ^-94: (previously presented): A mettiod as recited in claim 88, wherein said 
wafer comprises a semiconductor material 



^95: (previously presented): A method as recited in claim 88, wherein said 
wafer comprises an insulator materiaL 

MQ: (previously presented): A method as recited in dalm 88, wherein said 
wafer substantially comprises a material selected from the group consisting essentially 
of quartz crystal, silica glass and mica- 



^97>" (canceled) 




(cun^ntly amended): A method ac rocitod i n c l a i m 88, for nanomachinina 



a precise stmcture with a hloh aspe ct ratio bv Dartide-track-gulded-etchinQ, comprising: 

inradiatinq a firs t surface of a wafer wfth a charged particle beam of suitable 
enemv to form particle tracks capable of discrete etching guided bv aafd particle tracks 
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in said wafer with a de^jfed depth and alignment: 

depositing a layer of pattern forming resist material on said first surface of said 
wafer irradiated bv said particle beam: 

generating a precise pattern on said pattern forming layer and 

etching guided bv said partlde tracks under areas of said wafer that are not 
covered bv said precise pattern: 

wl^gpelp the aspect ratio of the depth of the particlQ track etched, compared to 
the wfdth of smallest area not covered bv said etching pattern, is at least about ten: apd 

wherein said suitable energy to form said particle tracks is at least about five 
hundred thousand electron volts. 



^ ^ 39*-i(previously presented): A method for nanomachining a zone plate structure 
by particle-track-guided-elching to produce a zone plate for focusing x-rays comprising: 

in-adiating the surface of an insulator or semiconductor wafer with a collimated 
charged particle beam of at least about 0,5 MeV energy and forming partfcie tracks 
capable of discrete etching guided by ^ald particle tracks in said wafer 

depositing a layer of electron beam resist material over said irradiated surface of 
sakl wafer; 

depositing a layer of etch stop over said surface of said wafer opposite said layer 
of etch stop; 

generating a zone plate pattern on said layer of resist material by selectively 
removing portions of said zone plate pattern with electron beam lithography; 
immersing said wafer in et^ing solution; and 

etching, guided by said parHde tracks, portions of said wafer exposed by said 
zone plate pattern. 

1-0or'(previoijsly presented): The method as recited fn claim 99, wherein said 
zon© piate has an outamiost zone with a width of at most about 1 00 nanometers; and 
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wherein said zone pfate has an aspect ratio greater than one; 
said aspect ratio comprising the ratio of the thickness of the zone plate to the 
width of the outenmost zon e. 

( jm. (previously presented): The method as recited in claim 100, wherein said 
zone plate has an aspect ratio of at ifeast about 16. 

2 ^:JX)2r(prevjously presented): The method as recited in claim 101: 

wherein said zone plate has an outennost zone with a width of at most about 33 
nanometers; and 

wherein said zone plate has an aspect ratio of at least about 48. 

aa3r(previously presented); The method as recited In claim 102: 
wherein said zone plate has an outennost zone with a width of at most about 10 
nanometers; and 

wherein said zone plate has an aspect ratio of at least about 160. 

ttJ$r(prevtously presented): The method as recited In claim 103: 

wherein said zone plate has an outennost zone with a width of at most about 10 

nanometers and at least about 5 nanometers; and 

wherein said zone plate has an aspect ratio of at least about 160 and at most 

about 1000. 



Claims 105-123 (canceled) 
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